In Tanzania, agriculture sector is known for employing more than 70% of the total population. Agriculture sector faces many challenges including climate change. Climate change causes low productivity in agriculture; low productivity is caused due to poor implementation of agricultural policies and strategies. This poor implementation of policies has also caused many farmers to be not competent in climate change adaptation. Over the years, provisions of agricultural advice and extension were provided by various approaches, including training and visit extension, participatory approaches, and farmers' field schools. However, provision of agricultural advisory and extension service is inefficient. Also, in most cases the usage of most agricultural innovations and technologies developed is limited. A literature review indicates that the main reasons given by Tanzanian farmers for not using improved technology are not lack of knowledge or skill, but rather that the technologies do not contribute towards improvements (e.g., the technologies are not profitable or they imply to high risk). Thus, agricultural extension service needs to be geared towards teaching farmers how to develop innovative and cost effective technologies that are contextualized. Limited numbers of agricultural extension staff and less interactivity of Information and Communication Technologies (ICTs), such as radio and television, have been mentioned to be among the factors limiting the provision of agricultural advisory and extension services to the majority of farmers in Tanzania. The advancements in ICTs have brought new opportunities for enhancing access to agricultural advisory and extension service for climate change adaptation. In Tanzania, farmers and other actors access agricultural information from various sources such as agricultural extension workers and use of various databases from Internet Services Providers. Also there are different web -and mobile -based farmers' advisory information systems to support conventional agricultural extension service. These systems are producing bulk amounts of data which makes it difficult for different stakeholders to make an informed decision after data analysis. This calls for the need to develop a tool for data visualization in order to understand hidden patterns from massive data. In this study, a semi-automated text classification was developed to determine the frequently asked keywords from a web and mobile based farmers' advisory system called UshauriKilimo after being in use for more than 2 years by more than 700 farmers. 
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Background Information
Agriculture is the backbone of most African countries (Eicher, 2003; Havnevik Bryceson, Birgegård, Matondi, & Beyene, 2007; Salami, Kamara, & Brixiova, 2009; Lwoga, Ngulube, & Stilwell, 2011) . In Tanzania, the sector is known for employing more than 70% of the total population, contributing about 25% to the Gross Domestic Product (GDP), bringing about 66% of the foreign exchange, and providing raw materials for local industries (United Republic of Tanzania [URT], 2008 , Haug & Hella, 2013 . The sector also feeds the nation and is the source of livelihoods to most rural communities in the country.
However, agriculture is identified as one of the sector's most vulnerable to climate change (Mwandosya, Nyenzi, & Lubanga, 1998) . This has led to difficulty in maintaining food security in most of the countries including Tanzania (Isinika, Hella, & Moshi, 2016; Haug, 2016) . Food security is not only affected by climate change but also other factors including: lack of agricultural support services, weak researchextension-farmer linkages, among others (URT, 2008; Isinika et al., 2016) . These factors hinder agricultural policies and strategies, which have been implemented over the years. Consequently, poor implementation of agricultural policies has resulted in rural and farming communities in the country failing to adapt to the impact of climate change. Ospina and Heeks (2010) argue that adaptation is the act of household, communities, regions, or nation to either tolerate, withstand, resist, or absorb the impact brought on by climate change. Examples of impacts that can be brought by the effect of climate change are food security, livelihoods, human settlement, and water supply (Ospina & Heeks, 2010) .
Climate change is a threat to human societies and natural ecosystems, yet public opinion research finds that public awareness and concern vary greatly (Lee, Markowitz, Howe, Ko, & Leiserowitz, 2015; Haug, 2016) . Shackleton, Ziervogel, Sallu, Gill, and Tschakert (2015) report that to enhance understanding of the process of climate change adaptation and to facilitate the planning and implementation of socially-just adaptation strategies, deeper consideration of the factors that impede adaptation is required. In response, scholars have done much research to identify barriers to adaptation of climate change (Upadhyay & Bijalwan, 2015) . However, despite this progress, knowledge of barriers that hamper adaptation in developing countries remains limited, especially in relation to underlying causes of vulnerability and low adaptive capacity (Mutabazi, George, Dos Santos, & Felister, 2014; Mutabazi, Amjath-Babu, & Sieber, 2015) . Adaptation goes hand-in-hand with awareness among farmers. One of the approaches used as an awareness technique to deliver climate change adaptation information is the conventional extension service (Tumbo et al., 2015) .
The advancements in Information and Communication Technologies (ICTs) have brought a new opportunity for enhancing access to agricultural advisory and extension services (Upadhyay & Bijalwan, 2015) . Empirical evidence from other developing countries like India, South Africa, and Ghana has shown that ICT have enhanced access to and usage of agricultural advisory and extension service (Aker, 2011; George et al., 2011) . However, ICTs differ in terms of interactivity; thus, ICT can be categorized into traditional (less interactive) and modern (more interactive). The radio, television and the telephony are traditional ICTs most used in Tanzania (Mtega, 2012) . Traditional ICTs are less interactive and in most cases they rarely enhance two-way traffic in the communication process, and when a feedback is made possible, it is not synchronous. Moreover, dissemination of agricultural information to farmers through traditional ICTs is always top-down in nature. Cole and Fernando (2012) (Mtega & Malekani, 2009; Mtega, 2012; Sife, Kiondo, & Lyimo-Macha, 2010; Sanga Phillipo, Mlozi, Haug, & Tumbo, 2016 language and technical understanding of the climate forecasts makes it problematic to interpret; there is a failure to analyze the benefits of climate information; there are poor linkages among actors along the value chains (e.g., between seed suppliers and farmers); there is a lack of sufficient capacity to make use of the information; climate information (especially the science-based) is mostly generalized and difficult to localize and access, and understanding of climate information (Tall et al., 2014) .
Hence, there is no doubt that there is a need to enhance farmers access to advisory and extension service related to climate change adaptation using a blend of conventional methods, mobile phone applications, and other ICTs (Caine et al., 2015) .
Significance of the Research Problem
Agricultural advisory and extension services in Tanzania are ineffective partly because most of the generated knowledge and information aimed to improve agricultural production do not reach farmers 302 (Mkapa, 2005; URT, 2008) . Also, farmers in Tanzania argue that the problem is due to lack of capital and labour. Furthermore, farmers cannot afford to take the risk and that farming is not necessarily profitable) (Haug, Hella, Nchimbi-Msolla, Mwaseba, & Synnevag, 2016; Haug, 2016 (Sanga, Kalungwizi, & Msuya, 2013; Sanga, Mlozi, Tumbo, Mussa, Muhiche, & Haug., 2014; Churi, Mlozi, Mahoo, Tumbo, & Casmir, 2013; Mtega, 2012; Nyamba & Mlozi, 2012; Churi, Mlozi, Tumbo, & Casmir, 2012; Chilimo, 2008; Mtega & Malekani, 2009; Mushi & Nduye, 2012; Alhassan & Kwakwa, 2012) . Despite of a number of researches in Tanzania, there are few studies that have been done related to research in developing tools for visualizing data in climate change adaptation (Sanga, Sumari, & Tumbo, 2013) . Even though there is potential of ICT for agriculture in Tanzania, enabling farmers to access agriculture information on climate change adaptation has not been addressed well (Mushi & Nduye, 2012; Isinika et al., 2016) .
Limited access to timely and accurate information has been identified as a major hindrance to enable farmers to get agriculture information on climate change adaptation (Ajayi et al., 2008) . The evidence of this fact is that farmers have no reliable way of knowing when to plant their crops due to change of rainfall patterns (Mwalukasa, 2013) . As such, farmers plant before it rains, which leads to destruction of seeds in the soil. Under such circumstances, this deprivation on the farmers could be greatly reduced if they had prior information regarding weather conditions. The forecast of weather need to be done using sophisticated technology since the rain patterns have changed and that the small rainy season has more or less disappeared in some placed (Haug, 2016) .
In the light of the above, the Government of Tanzania has taken a number of steps to come up with different ICTs tools, including radio and television, through which farmers could access agricultural knowledge and information (Lwoga, 2010; Mushi & Nduye, 2012) . However, there are some drawbacks with regard to the effectiveness of these tools in disseminating and communing climate change adaptation information. First, the broadcast media, such as television and radio, are expensive and most farmers cannot afford to buy them. Second, timing of the information is another problem. To access the information, farmers have to be listening or watching at the same time the programme is broadcasting (Mntambo, 2007) . Hence, farmers are adopting mobile phones to access agricultural information which are cost effective, accessible, and cheap . Despite the fact that mobile phones-based applications are mostly used to enhance agricultural extension service but have brought a new challenge (Wyche & Steinfield, 2016) . This challenge is caused by massive data which are generated (Keim, Kohlhammer, Ellis, & Mansmann, 2010) . Thus, the massive data generated call for a need of developing a tool for data visualization. The aim is at helping farmers and other actors to make informed decision out of the user generated massive data. Content analysis using word or content cloud has been studied by many researchers (McNaught & Lam, 2010; Cidell, 2010) but its applicability in analysing massive (or big data) generated in ICT based agro-advisory service systems (with content in Swahili) is not adequately researched. This is the research gap which this study seeks to fill. Thus, the goal 303 of this paper is to evaluate information seeking behaviour / patterns of farmers who used UshauriKilimo for more than two years in consulting for advisories related to climate change adaptation.
This study tried to answer the following research questions:
1. What are the information needs of farmers in Tanzania who are using UshauriKilimo in advisory information related to climate change adaptation?
2. What are the information seeking behaviors of farmers in Tanzania who are using UshauriKilimo in advisory information related to climate change adaptation?
Research Methodology Description of the Study Sites
The study was conducted in Kilosa District. Kilosa District has good ICTs infrastructure which enable access and use of mobile phones on various uses. Also, this District has been chosen due to high agricultural produce and high arable land for cultivation. In addition, the District is experiencing effect of climate change (Paavola, 2008; Mutabazi et al., 2014; Mutabazi et al., 2015) .
Research Design
The research adopted the qualitative research method. Specifically, content analysis was used to analyse the qualitative data which is found on UshauriKilimo server.
Case Study of UshauriKilimo
UshauriKilimo was developed through participatory action research method (Sanga, Phillipo, Mlozi, Haug, & Tumbo, 2016) . It allows farmers and other actors to use their mobile phones to access agricultural information from researchers and extension workers .
The agricultural information consists of different categories of information needed by farmers, including information related to adaptation of climate change. The stakeholders/actors who are using UshauriKilimo have been given capacity building for more than two years. The capacity building and empowerment activities were done through training and workshops. Also, there were visits by farmers from Dodoma Municipal in Dodoma and Kilolo District in Iringa to Kilosa farmers in Morogoro.
Currently, there are more than 700 farmers who are using UshauriKilimo. The farmers who are using UshauriKilimo are producing massive data (i.e., big data) relating to different topics in agriculture including climate change. UshauriKilimo is a crowdsourcing platform which allows farmers and other actors (i.e., crowd) to engage in all phases of research process (Sanga, Phillipo, Mlozi, Haug, & Tumbo, 2016) . This act of engaging farmers and other actors in scientific investigation is called citizen science. Citizen science refers to the engagement of farmers and other actors (i.e., non-professional volunteers) in scientific investigations (i.e., by asking questions for needs, requirements assessment, or collecting data; developing software, evaluation of software, using the software, or interpreting results (Newman et al., 2012) .
Data Analysis
After massive data had been deposited in a crowdsourcing platform, the data mining tool was developed to help farmers search information using different keywords. The tool fetched data from the UshauriKilimo knowledge server (Figure 1) . The results from the search were further subjected to data cleaning. The cleaned data were extracted to the data mining tool. The aim of this process was for recognizing a pattern of most frequent words (i.e., word visualization) from the corpus of a crowdsourcing platform.
In order to harvest data for this study, data from UshauriKilimo with keywords, such as climate or weather, were searched. Since the data in UshauriKilimo was in Swahili, the keyword that was used during searching was "hali ya hewa" ( Table 1 ). After that had been collected, the data were analysed using a mixed methods approach (i.e., manual content analysis method and automated text classification, such as semi-automatic text classification).
'UshauriKilimo' knowledge server 
Results and Discussion
A simple search in a crowdsourcing platform using the keyword "hali ya hewa" (Swahili word for weather and climate), 22 questions and answers were obtained (Figure 2 ). 
Limitations of Study
This study has some limitations which need to be noted. According to Zhu, Rodríguez-Hidalgo, Questier, and Torres-Alfonso (2015) the study which deals with analysis of texts has limitations in terms of the following factors, namely: sample size, contextualized environment of the study, and Hawthorne effect.
With respect to these factors, the study sample size was small and limited to 22 farmers who asked advisories related to "climate change." Secondly, the result of this study is applied to a specific setting and thus, cannot be generalized. Lastly, the results might be related to the so-called Hawthorne effect as the respondents who are either farmers, extension agents, and researchers were introduced to new method of agro-advisory system using ICT. This system was used to complement a conventional agricultural extension system and was not used on its own. Words which appear most in the 22 frequently asked questions were: climate, weather, agriculture, soil, water, teak, forestry, rain, drip irrigation, hot temperature, crops, passion, and advisory ( Figure 4 ). The
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words like "mazao ya ukame" (drought tolerant varieties) means farmers are aware of elements of climate smart agriculture ("kilimo hifadhi") which include use of drought resistant varieties and crops. Also, the word "drip," which mean use of drip irrigation, is highly recommended for climate smart agriculture. As well, the other frequently used words like "mitiki," which means teak trees, are recommended to conserve soil ("udongo") and water ("maji") so as to sustain smallholder farmers livelihoods (Lacombe, Bolliger, Harrison, & Ha., 2016) were found in word cloud.
With the Wordle analysis, it is not easy to determine the frequency of appearance for each word asked by farmers. Thus, we opted to subject analyse the same texts using a different tool for analysis called "TagCrowd." The results after the analysis using TagCrowd is as depicted in Figure 5 . Figure 5 . Word cloud after analysis using TagCrowd.
After triangulation of analysis using two word visualization tools, researchers concluded that the most frequent keywords obtained from TagCrowd almost resemble those which were obtained using the Wordle analysis tool (Figure 4 , Figure 5 ). The keywords obtained from TagCrowd tool are: climate, weather, agriculture, soil, water, teak, forestry, rain, drip irrigation, hot temperature, crops, passion, and advisory. These keywords point to the impact of climate change. This is supported by previous literature from a study area which showed that there is impact experienced by farmers due to climate change. Mayala et al. (2015) argue that farmers in Kilosa indicated that there is change of rainfall pattern and resulted to insufficient food and rise in temperature (Isinika et al., 2016) . Even though Kilosa District is experiencing the effects of climate change, a study by Mayala et al. (2015) found that farmers in Kilosa have little knowledge on climate change because one in four understand the word "mabadiliko ya tabia nchi," a Swahili word for climate change.
When we searched UshauriKilimo using keyword "mabadiliko ya tabia," we found 4 results. Three farmers asked about the type of crops which they can grow well under limited rainfall. The fourth farmer asked about "why wild animals from Mikumi National Park invade their crops? Is it because of climate change?"
Results from this study show that even though mobile and web-based agro-advisory service systems, after being in use for two years, produced bulk data, evaluating the pattern of data (in terms of words and texts) from its database is a difficult process (Figure 2, Figure 3 , Figure 4 , Figure 5 ). Different researchers have used various qualitative and quantitative data analysis techniques, such as concept mapping, social networks analysis, and content analysis using word visualization tools (Zhu et al., 2015;  Cho & Tobias, and irrigation keywords in the questions asked by farmers using their mobile phones. The key words "Hali ya hewa," "ukame," and "umwagiliaji" were used to capture questions on climate change asked by farmers.
There were 38 questions and answers related to these three keywords. Table 2 shows the date when the questions were asked, frequency, percentage, and the cumulative frequency (Table 2) . 2015-06-07T00:00:00.000 1 2.6 7.9
2015-07-06T00:00:00.000 1 2.6 10.5
2015-07-08T00:00:00.000 1 2.6 13.2 2015-07-11T00:00:00.000 1 2.6 15.8
2015-07-21T00:00:00.000 1 2.6 18.4
2015-08-06T00:00:00.000 1 2.6 21.1 2015-08-09T00:00:00.000 1 2.6 23.7
2015-08-10T00:00:00.000 1 2.6 26.3 2015-08-14T00:00:00.000 1 2.6 28.9
2015-08-26T00:00:00.000 1 2.6 31.6
2015-09-11T00:00:00.000 2 5.3 36.8
2015-09-13T00:00:00.000 1 2.6 39.5
2015-09-29T00:00:00.000 1 2.6 42.1 2015-10-01T00:00:00.000 1 2.6 44.7
2015-10-08T00:00:00.000 1 2.6 47.4
2015-11-01T00:00:00.000 1 2.6 50.0 2016-02-13T00:00:00.000 1 2.6 52.6
2016-02-18T00:00:00.000 1 2.6 55. 2016-10-12T00:00:00.000 1 2.6 94.7
2016-10-26T00:00:00.000 1 2.6 97.4
2016-11-01T00:00:00.000 1 2.6 100.0 Total 38 100.0 Table 2 shows that farmers asked many questions between June and November of each year (i.e., 2015 and 2016). Also, Table 2 shows that even though farmers have been asking questions relating to other problems in agriculture, issues concerning climate change are also included (Sanga, Phillipo, Mlozi, Haug, & Tumbo, 2016) . In total, there are 1739 questions in UshauriKilimo (Fue et al., 2017) . Data from UshauriKilimo indicate that the questions, which came from farmers asking about other issues and not those related to climate change, totalled 1701 questions. There were 605 questions and answers related to livestock husbandry (Fue et al., 2017) , and 63 questions and answers related to markets and market information, posted on UshauriKilimo. Furthermore, there were 427 questions and answers related to forestry information. This means that questions and answers related to crops totalled 605. Figure 6 shows how farmers perceive climate change to be in regards to other challenges they are facing (e.g., marketing, prices, inputs, etc.). Figure 6 . General information needs and seeking behaviour of farmers using Ushaurikilimo.
Thus, UshauriKilimo is linking farmers, researchers, and extension agents for communication of agriculture information related to a number of topics including climate change . Not all farmers in Kilosa District are aware of Ushaurikilimo, a system that can help in information sharing in climate change issues. Climate change is a great threat to agricultural production in Tanzania and there is a need to scale up this system so that its potential can benefit a large number of farmers and other actors. Since only 22 questions out of 1739 asked were related to climate change, this means that most of the farmers are unaware of climate change. Awareness programs are required to sensitize farmers on information related to climate change adaptation. Also, climate change adaptation information is required to cope with climate change (Haug, 2012; Haug, 2016) . Milder, Majanen, and Scherr (2016) found that despite the environmental, economic, and social benefits to climate change adaptation techniques, adoption was sparse. They recommended that in order to facilitate the adoption of climate change adaptation information, there is a need for intensive education, policy changes, and infrastructure development (Nambiza, 2014) . These suggestions concur with Elia, Mutula, and Stilwell (2015) who advocated for repackaging of current and accurate information on climate change and variability, farmer education and training, collaboration between researchers, meteorology experts, extension officers and farmers, as well as formulation of a framework for the dissemination of information related to climate change adaptation. In this respect, UshauriKilimo has been successfully used to disseminate extension services to more than 700 farmers in Tanzania via mobile phones and the web (Sanga, Phillipo, Mlozi, Haug, & Tumbo, 2016) . There are more than 1300 questions and answers that have been given to farmers by extension agents. Among the advisories given in UshauriKilimo, the different coping strategies for climate change adaptation include, use of drought resistant varieties for maize, use of sacks for post-harvest storage, use of drip irrigation, adjusting planting dates, and early warning communication system for planting dates and weather forecast. These coping strategies have also been advocated in other countries, such as Ethiopia, which have been experiencing effects of climate change (Mengistu, 2011; Ospina & Heeks, 2011) . Mengistu (2011) argues that there is need for early warning system to disseminate climate change coping strategies to farmers and other actors. Such systems will complement the indigenous knowledge that is already being in used by farmers in developing countries (Elia, Mutula, & Stilwell, 2014) . 
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Furthermore, findings show that UshauriKilimo is offering advisories to farmers who seek information related to climate change adaptation. The information seeking behaviour of farmers ranges from using improved seed, mulching, intercropping, as well as doing various on farm practices like keeping local chicken, bee keeping, and aquaculture (i.e., integrated agriculture). Also, crop diversification is being practiced by farmers and this has helped to increase farmers' yields and replenishing soil nutrients. In addition, farmers are adopting drought tolerant crops (e.g., cassava, maize, sorghum, and millet). Home gardens, kitchen gardens, or sack gardens are also been practiced in Kilosa District. Furthermore, system of rice intensification technology that uses a minimal amount of water is being practiced by a few farmers in Kilosa. These findings concur with earlier studies that were done in Kilosa (Paavola, 2008; Mutabazi et al., 2014,) .
Furthermore, farmers sought information about floods after it has occurred in 2016. The extension agent advised the farmer to farm crops that can yield in short periods of time (Figure 7 ). The results reported in this study showed that farmers identify problems while they were doing different agriculture activities and then extension agents and researchers gain awareness of those problems troubling farmers resulting in the establishment of a dialogue via mobile phones (i.e., UshauriKilimo).
The purpose was for extension agents and researchers to influence behavioural change of farmers with respect to climate change adaptation strategies (Harvey et al., 2012) . This was achieved through a participatory action research approach (PARA) in a multiple loop of learning to obtain the intended outcomes (Armitage, Marschke, & Plummer, 2008) . Therefore, this study responds to the recommendation made by Mushi and Nduye (2012) who advocated the need for implementation of an early warning system to share issues related to climate change. 
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Conclusion
Previous studies indicate that farmers in Kilosa District are experiencing delayed onset of rains, poor rainfall distribution over the cropping season, and extreme weather conditions, such as droughts and floods (Paavola, 2008; Mutabazi et al., 2014,) . These effects of climate changes, affect farmers in their farming activities. Most farmers in the Kilosa District have limited access to technologies, resources, and extension services. Thus, these challenges leave these farmers more vulnerable to climate change than those with more resources. Despite these challenges, agricultural activities remain the main source of livelihood for smallholder farmers in Kilosa District. The conventional way of using extension agents, on which farmers largely depend on, is no longer sufficient to help farmers obtain information related to climate change adaptation. The aim of developing UshauriKilimo was to link farmers, researchers, and extension agents in communicating agricultural information and knowledge . From this study, we have found that farmers share agriculture information related to coping strategies for climate change adaptation. Already, massive data is being deposited into the UshauriKilimo database. This study presents results from the data visualization tool, which was used in determining the pattern of information seeking behaviour of farmers in relation to climate change adaptation. The findings from the developed data visualization tool were compared to the results obtained from the content analysis, Wordle and TagCrowd tools. Furthermore, the results from Wordle and TagCrowd tools were compared to the results from an analysis done using Statistical Package for the Social Sciences (SPSS).
One may ask "Does the information seeking behaviour of farmers differ when it comes to acquiring climate change adaptation information compared to acquiring other types of farming related information?" From this study finding, one can deduce that farmers asked how to mitigate impacts of climate change after it had occurred. This is different compared to the information seeking behaviour of farmers in other types of farming (Sanga, Phillipo, Mlozi, Haug, & Tumbo, 2016; Fue et al., 2017) . Also, this study indicates that farmers seek information about climate change adaptation from not only farmers' friends and neighbours, extension agents, TV, radio, mobile phones, and mass and print media, but also from other sources of information like the Internet, web, and mobile apps. This blended way of provision of extension services is different from earlier studies (Mwalukasa, 2013) . This paper has shown that UshauriKilimo supported the demand-led and personalized/client-based extension service in order to meet the farmers' needs in seeking information related to climate change adaptation. We have shown new ways to communicate climate change adaptation information which is different from the supply driven and top-down approach that is being done by many organizations iii .
The authors recommend a future study on determining the pattern of information from UshauriKilimo using an artificial intelligence algorithm for text classification.
